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Preface

The process of creating smart clothing and wearable technology has to 
consider so many factors that it has to be collaborative between end-users, 
textile specialists, electronics, fashion and clothing designers and manufac-
turers all the way from the concept for new garment or wearable device  
through to point of sale. This book then is designed to support the develop-
ment of a shared language between designers and each of the specialisa-
tions. It takes a non-specialist approach to technical areas that are usually 
covered, especially well in Woodhead Publishing’s publications, by whole 
books rather than single chapters. It is only through the development of 
this shared language and understanding that we can begin to collaborate 
and overcome the complexities of design and product development of smart 
clothing and wearable technology.

To provide practical guidance and support, the chapters identify and 
elaborate a generic critical path from fi bre production through to commer-
cial prototyping described in an accessible language for designers. Innova-
tive technologies may be integrated in a sequence of stages to enhance 
functionality throughout the critical path from fi bre development to product 
launch. The book follows this sequence in its four parts from ‘The design 
of smart clothing and wearable technology’ (Part I), ‘Materials and tech-
nologies for smart clothing’ (Part II), ‘Production technologies for smart 
clothing’ (Part III) through to ‘Smart clothing products’ (Part IV).

Clothing that has truly ‘wearable’ attributes should both work and look 
good. To bring emerging technologies to market, and promote their use, the 
aesthetics and comfort of the clothing must be acceptable and the technol-
ogy interface simple and intuitive for an inclusive audience. The technical, 
aesthetic and cultural demands of the wearer should inform the selection 
of specifi c assemblies of textiles within the design process.

Part I looks fi rst at the emergence of wearable computing (Chapter 1), 
types of smart clothing and wearable technology (Chapter 2) then addresses 
key issues designers must consider from end-user based design of innova-
tive smart clothing (Chapter 3), the garment design process from fi bre 

xxi



xxii Preface

selection to product launch (Chapter 4), to considerations for designing for 
the body (Chapter 5).

A new shared language is needed to enable communication between 
those, from a disparate mix of backgrounds, who will constitute the future 
design development team that addresses the merging of textile and clothing 
technologies with wearable computing. Part II looks at critical issues from 
fi bre, yarn and textile development through to sensors and communication, 
providing a blend of what are often thought of as soft and hard 
technologies.

Part II starts by looking at the infl uence of knitwear on smart wear ables 
(Chapter 6), woven structures and their impact on function and 
performance (Chapter 7), non-wovens in smart clothes and wearable tech-
nologies (Chapter 8), then moves on to the more electronic aspects of 
sensors and computing systems in smart clothing (Chapter 9), the applica-
tion of communication technologies in smart clothing (Chapter 10) and the 
power supplies for smart textiles (Chapter 11).

The next key step is how smart clothing and wearable technologies can 
be produced. Part I looked at the end-user needs and Part II at the textiles 
and technologies. Part III then takes all of the elements from the earlier 
chapters and looks at how they can be integrated into a garment that is 
wearable and aesthetically pleasing.

The fi rst two chapters look at cutting and placing of materials in garment 
construction (Chapter 12) and developments in fabric joining for smart 
clothing (Chapter 13), bringing together new ways of thinking about pro-
ducing clothing that is smart in terms of design and production. The next 
two chapters look at how decoration may also be functional in smart cloth-
ing and wearable technology with digital embroidery techniques for smart 
clothing (Chapter 14) and developments in digital print technology for 
smart textiles (Chapter 15). The last chapter in this section looks at the 
environmental and waste issues concerning the production of smart clothes 
and wearable technology (Chapter 16) as we turn items that have been 
traditionally easy to recycle, textiles, into hybrid textile/computer products 
that are diffi cult to recycle.

Part IV completes the picture by looking at actual products that are 
available in the marketplace or have been developed as concepts for 
research and development. However, it also dares us to imagine construc-
tively what is needed to take smart clothes and wearable technology that 
stage further to what we can dream may be possible in the near future. 

However, too many technologies are introduced to the market where the 
need is assumed to be present but which only sells in small quantities. There 
are few products which truly become ubiquitous, and even then, time may 
lead to their ultimate demise. It is important that we look at what end-users 
really need, even if it is not possible with current technology.



The authors in Part IV consider these themes: ‘What is around now?’, 
‘What is currently in development?’ and ‘What do we want in the future?’ 
and address different aspects of the smart clothing and wearable technology 
market from smart clothes and wearable technology for the health and 
well-being market (Chapter 17), smart clothing for the ageing population 
(Chapter 18), smart clothing and wearable technology for people with 
arthritis (Chapter 19), wearable technology for performing arts (Chapter 
19) and branding and presentation of smart clothing products to consumers 
(Chapter 21).

Jane McCann, Director of Smart Clothes and Wearable Technology 
Research Group, University of Wales Newport

David Bryson, Teaching Fellow, University of Derby
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1
The emergence of wearable computing

M. MALMIVAARA, 
Tampere University of Technology, Finland

Abstract: In the mid-1990s, the wearables community was convinced that 
body-worn computing devices would be a sure hit within a decade. 
Instead, many of the concepts initially designed wearable, such as 
positioning and imaging found their way into mobile phones. The 
following is a brief look into the history of wearable computing and it 
also discusses the reasons why mobile devices beat wearables at their 
own game.

Key words: wearable computers, wearable electronics, intelligent 
clothing, concepts, prototypes, mass production.

1.1 The fi rst devices

1.1.1 What spawned wearable computing?

A large number of the innovations we use in everyday life, such as Tefl on, 
Gore-Tex and the World Wide Web have their background in military tech-
nology. During the latter part of the cold war, military expenditure on both 
sides of the Atlantic grew and some developments ended up as commercial 
products. Computer technology certainly benefi ted from the arms race and 
even wearable technology was in the military research programs.

Although military infl uence in wearable technology is undeniable, it was 
never even an important part in making wearables successful. What was 
important was that, on the one hand, in the 1980s computers had developed 
to a point where equipment and parts were more easily available, electron-
ics engineering and computer science were taught in many places over the 
world and there was a growing enthusiasm for what could be done with 
electronics and computing. On the other hand, the rapidly growing rate of 
electronics’ penetration in our work, homes and everyday life brought up 
interesting new areas of crossover electronics research with, for example, 
physiology and medicine, cognitive psychology and culture and sub-cultures 
as an abundance of new viewpoints emerged. However, what really started 
it all was the World Wide Web. From the 1980s into early 1990s, wearable 
computing was a hobby and a playground for a small number of people in 
a few universities and institutes. By the mid-nineties, most North American, 
European and Japanese schools and universities had an Internet connection 
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4 Smart clothes and wearable technology

and a website (as did many in the rest of the developed countries), and 
research and studies could be shared all over the world. New ideas could 
be discussed among peers on a daily basis and web communities brought 
people closer to each other.

The up-and-coming area of research on wearable computing benefi ted 
greatly in many ways. First, fi nding others interested in something which 
was nascent, without having to travel across the world to an event which 
might or might not be relevant to a new area of research. Second, the 
target group being interested in computing increased the possibility of 
fi nding peers online. Third, new research was posted on the Internet and 
thus helped the community to stay well informed on the state of core 
research. Fourth, arranging the necessary physical meetings became easier 
because the hardcore enthusiasts could be summoned online (see also 
Section 1.2.3). Finally, a wearable personal computer logically has a wire-
less Internet connection and the most dedicated cyborgs1 could be online 
and contacted almost every waking hour of their lives. This led the hard-
core community to modify their websites for friendly browsing on a wear-
able user interface.2 Staner of MIT has worn a computer continuously 
since 1993.3

1.1.2 Defi nitions

In 1998, the Tampere University of Technology and the University of 
Lapland and Reima Ltd, set out to explore wearable technology as a shared 
project. In the project, the different kinds of prototypes, concepts and 
the few commercial products, needed to be organized into groups for 
inspection. The work team, consisting of Undergraduate and Masters stu-
dents of clothing design and industrial design, established the following 
defi nition.

Wearable computers

A wearable computer is a computing device assembled in a way which 
allows it to be worn or carried on the body while still having the user inter-
face ready for use at all times. By constructing it to be body-worn, a wear-
able computer makes computing possible in situations where even a laptop 
would be too cumbersome to open up, boot up and interface; a wearable 
computer can be used all the time, wherever the user goes.

A wearable computer can be very different from a desktop computer, 
depending on its intended user and tasks. The user interface can allow for 
both input and output in many ways, depending on physical and ergonomic 
needs. Input devices can include full qwerty-keypads, special keying devices, 
and joysticks along with standard function-specifi c push-buttons. If output 
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is needed, a number of graphic interfaces exist with LCD-displays and head 
mounted displays (HMD). The user can also be given feedback with sound 
or vibration.

The most distinctive feature of a wearable computer is its ability to be 
reprogrammed or reconfi gured for another task. This may include adding 
or changing hardware. A wearable computer can run many programs at the 
same time, and tasks can be assigned or terminated during operation.

Wearable electronics

Wearable electronics are simpler than full-scale wearable computers. While 
a wearable computer has both input and output and is capable of adjusting 
to multiple tasks, wearable electronics are constructed with set tasks to fulfi l 
one or more needs of a specifi c target group.

Wearable electronics differ from mobile devices by their appearance and 
by being fundamentally designed to be worn on the body. A true piece of 
wearable electronics is also required to be worn to function, i.e. conceptu-
ally linked to the wearer’s body. Some wearable devices require the user 
interface to be present and available all the time, meaning they are more 
obtrusive than devices with no input (such as the wrist unit and the chest 
belt of a heart-rate monitor).

Intelligent clothing

A jacket with a sewn pocket for a mobile phone does not make an intelli-
gent garment. Clothing is intelligent when it adds something traditionally 
unclothing-like to the garment, without taking away or compromising any 
traditional characteristics such as washability or wearability. Ideally, an 
intelligent garment offers a non-traditional garment function, such as health 
monitoring, in addition to its traditional function as protecting the body. 
It could, for example, collect data and either transfer it wirelessly and 
automatically to an external computing unit or process the data itself, 
and respond to the computed conclusions without any user interfacing.

1.1.3 The Thorp–Shannon roulette predictor

Within the wearables community, Thorp and Shannon’s (1998) roulette 
wheel predictor is considered to be the fi rst wearable computer. In 1961, 
the two mathematicians tested a cigarette pack-sized wearable computer 
with twelve transistors, a speaker behind the ear for output and a toe-
switch for input.4 The system required two players, one ‘timer’ and one 
‘bettor’. The timer stood at the wheel and timed the spinning of the ball on 
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6 Smart clothes and wearable technology

the rotor and predicted where it would land. The timer would then tap a 
switch under his big toe to radio the bettor a signal tone indicating the 
predicted octant on the rotor. The bettor sat at the far end of the roulette 
table to look inconspicuous. The whole ordeal required a lot of tactics and 
skill to avoid suspicion and the thin wiring would often break, causing 
malfunction.

Ed Thorp was a graduate physics student at University of California, Los 
Angeles (UCLA) who had spent his childhood tinkering with gadgets. 
Claude Shannon was a mathematics teacher at the Massachusetts Institute 
of Technology (MIT) and a true mathematics scientist who loved solving 
problems by means of logic and calculation. The two teamed up to try to 
solve a classic problem involving physics and mathematics, and tested their 
system out of boyish curiosity in June of 1961 in Las Vegas. The roulette 
wheel predicting system yielded a gain of +44%, but with fragile wiring 
and a complicated operating procedure they never got around to risking 
substantial bets.

As it became clear to Thorp they were not going to exploit the invention, 
in 1966 and after he decided to publish their work and fi ndings.5,6,7 This 
comprehensive scientifi c documentation probably has earned the creation 
the title of ‘the fi rst wearable computer’. Although the roulette wheel pre-
dictor had not much computing power, it demonstrates perfectly the emer-
gence of wearable computing. The fi rst examples were indeed hand-built 
devices constructed from scratch components, and they were conceived 
from curiosity of how things work and a joy of tinkering.

1.1.4 Mann’s Wearcam

In the early 1980s, photographer Steve Mann built a wearable system with 
photography equipment. It was a system of fl ashlights, batteries and cameras 
constructed in a backpack and a helmet (see Fig. 1.1). Mann went on to 
study computer science at MIT and continued his interest in wearable 
applications. He was one of the key fi gures in the MIT Wearables Labora-
tory, which in the early 90s stood for much of the initial theoretical 
and practical research into wearable computing. Steve Mann was one of 
the founding members of the International Symposium for Wearable 
Computers (ISWC, see Section 1.2.3).

Dr Mann is mostly known for his work in augmented and altered/medi-
ated reality, i.e. capturing the visible environment by a video camera and 
editing and projecting the image onto his custom eyeglasses.8 In augmented 
reality, additional information, such as previously posted digital notes or 
sensory data, is added to the display in the glasses. In altered/mediated 
reality, the computer controls the image projected in the glasses and edits 
out or adds images as programmed. Offending or unwanted material, such 
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as advertising, can be replaced with natural scenery or other images. Having 
worn a wearable computer with a camera for years, Steve Mann has also 
come into contact with society’s and authorities’ view on imaging in public 
places. With the rules of imaging in public spaces being somewhat obscure, 
it is sometimes hard to explain one’s wearable equipment and one’s vision 
being dependent on a body-worn camera. Dr Mann has studied the oppo-
sites of personal imaging versus public security cameras found everywhere 
from streets to grocery stores to stations and airports.9 He is currently 
a faculty member at the Department of Electrical Engineering, The 
University of Toronto.

1.2 The fi rst wearable computers

1.2.1 The cyborgs

Like any established subculture, wearable computing also has its legends, 
the pioneers who started it all. In the world of wearables, the story very 
much began in North America and so the early key fi gures were mostly 
American.

The cradle of wearable computing was where research resources could 
be expended in new technology and where the slightly unusual pursuits of 
science were not weeded out. Among the most thriving habitats were 
Georgia Institute of Technology in Atlanta, GA (Gatech), Carnegie Mellon 
University in Pittsburgh, PA (CMU) and Massachusetts Institute of Tech-
nology. These universities ran research programs in exciting areas, such as 
computer science, computer technology, virtual reality, human sensory 
studies, user interfaces and new media. Some of the tech geeks at the time 

(a)
1980

(b)
Mid 1980s

(c)
Early 1990s

(d)
Mid 1990s

(e)
Late 1990s

1.1 Evolution of Steve Mann’s wearable computers from 1980 to the 
late 1990s.
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were irritated by the inadequacies of Personal Data Assistants (PDA) and 
laptop computers. The user interfaces were one problem: the screen of 
a PDA was too small and a laptop was too clumsy. A PDA’s handwriting 
recognition was too slow and had its faults, and a laptop took ages to open 
up, boot up and fi nd a place to rest it on. Among the fi rst and the most 
famous cyborgs were a group of students at the MIT Media Lab.10 Many of 
the MIT cyborgs, such as Mann, Starner, Rhodes and Orth were active 
members of the wearables community. Their research and publications are 
the foundation of wearable computing today.

The pioneers from the early MIT, Gatech and CMU, and later other 
schools, institutes and universities all over the world, constructed their own 
research prototype wearables. The complexity of a computing device and 
the research subjects as well as the makers’ preferences all made the systems 
different from each other. Although someone else’s rig was used as a 
platform, the fi nal outcome was often very different.

The early wearable computers were maybe most inspired by the unex-
plored novelty of the genre. The fact that there were seemingly endless 
possibilities in customizing a personal wearable for showing off to your 
friends, but also that there seemed to be a lucrative business in equipping 
everybody from businessmen to single parents to school kids to mainte-
nance technicians with a wearable computer was surely exciting. Certainly 
science fi ction too, especially cyberpunk, affected the fresh subculture of 
wearables. Authors such as Isaac Asimov11 and William Gibson12 envisioned 
worlds and futures where people were constantly connected by wearable 
or even neural implants.

1.2.2 The fi rst commercial wearable computers

When wearable computing had gained enough interested followers, it did 
not take long before someone saw commercial opportunity. In 1990, Com-
puter Products & Services, Incorporated (CPSI) from Fairfax, Virginia, 
USA was renamed Xybernaut with the intention to manufacture and sell 
products for mobile and wearable computing. In 1996, Xybernaut13 launched 
the ‘Mobile Assistant’, which could be delivered with custom programs and 
user interface for mechanics and technicians in both the military and com-
mercial sectors, as well as for healthcare personnel. The Mobile Assistant I 
was followed by successive versions with improvements. The current plat-
form, the MA V, was launched in 2003. Although many complained that the 
Mobile Assistants were bulky and had battery issues, the wearables research 
community saw Xybernaut as proof of the fi nal commercial breakthrough. 
However, bad management and shady fi nancial schemes led to the company 
declaring bankruptcy in 2005. In 2007, Xybernaut reemerged and operates 
in Chantilly, Virginia.
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1.2.3 The International Symposium for Wearable 
Computers (ISWC)

In July, 1996 the Defense Advanced Research Projects Agency (DARPA)14 
sponsored the ‘Wearables in 2005’ workshop, where attendees schemed 
their predictions on future human personal computing. This workshop is 
regarded as the fi rst organized wearables event. In August that same year, 
Boeing hosted a wearables conference in Seattle.15 Some 200 people 
attended and a space was provided for vendors to present their research, 
project prototypes and products. The conference was a success and con-
fi rmed a signifi cant interest in the subject from both the industry and aca-
demia. The enthusiasm called for a full-scale academic symposium, where 
relevant work could be presented to peers and where state-of-the-art 
research would meet industry interest for joint projects.

A year after the Boeing Seattle conference, on October 13th, 1997, CMU, 
MIT and Gatech co-hosted the International Symposium on Wearable 
Computers in Cambridge, Massachusetts. Almost 400 people registered for 
the event. Research in software, hardware, sensors, applications and systems 
was presented and the international audience included representatives 
from academia, military and various industries.

Because the fi rst ISWC was such a success, a second ISWC was held the 
following year in Pittsburgh, hosted by the Carnegie-Mellon University, and 
thereafter annually in different parts of the world. The organizers of ISWC 
have traditionally been technology institutes and universities with computer 
science or electronics departments. The earlier ISWCs were predominantly 
software and programming oriented and most of the papers and research 
presented were very ‘tech’, but so were the fi rst wearable computing devices! 
Devices and programs were also naturally there before any more in-depth 
systems analysis came about. The new and exciting wares exhibited and 
the openly future-savvy yet relaxed atmosphere at the ISWC attracted 
researchers from social studies, psychology and other fi elds of science.

Because the scope of wearable technology started to get out of hand, the 
events had to be kept focused amidst the increasing number of topics. Many 
people attending the ISWC were, in addition to wearable computers, also 
interested in virtual reality, context awareness and augmented reality. After 
the fi rst few events, conferences in these subjects were held separately, 
in conjunction with ISWC, so that research less signifi cant to wearable 
technology could have a chance to get communicated.

The ISWC16 has grown to become the single most important annual 
conference in the wearable technology scene. Events in the subjects of 
pervasive computing, ubiquitous computing, smart clothes and smart 
textiles are held all over the world, but still the ISWC has held its position 
as the one not to miss.
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10 Smart clothes and wearable technology

1.3 Wearable electronics

1.3.1 Wearable electronic devices

Although the events around wearables mostly concentrated around full 
Personal Computer (PC) rigs and the more technical aspects, many were 
thinking of lighter forms of wearable technology. Smaller devices could 
potentially reach bigger and different target groups. On July 1st in 1979, 
Japanese Sony® introduced the Walkman®, a portable music cassette player 
with headphones.17 Although the concept was fi rst met with skepticism from 
sales as much as market, portable music became a hit and has since grown 
into a big business. The Polar® heart rate monitor – a wrist watch unit and 
a sensor belt around the chest – has been around since 198218 and nobody 
really interpreted it as a ‘wearable’. Still, it has some quite wearable 
characteristics: it is body-worn, monitors the user and is even relatively 
unobtrusive in use.

The wrist watch was keenly used as a platform for a number of systems, 
and Dick Tracy or Michael Knight19 telephone watches seemed to be the 
ultimate goal. The boundaries of miniaturization, of course, can still be 
stretched, but usability became the limiting factor. Even if it is technically 
possible to squeeze a PC into wrist watch, the user interface in a watch-sized 
device is very, very hard to make operable with the limited space for output 
and input.

There were other academic pursuits too and somehow the killer applica-
tion was expected to be a little wearable device as opposed to a wearable 
computer or an intelligent garment. The wearables scene attracted people 
from the mobile device industry and some already hailed the mobile devices’ 
era being over and wearables taking over. It was not to be so simple, espe-
cially with the mobile devices being backed up by a culture of familiarity 
and also the inherent diffi culties of mass-producing body-worn devices (see 
Section 1.5). Setbacks followed with the launch of iconic mobile devices, 
such as the Apple iPod® (October 2001), Motorola Razr® (July 2004), Nokia 
N95 (March 2007) and Apple iPhone® (USA, June 29th 2007). These devices 
gathered so much attention that the hype strengthened the overall position 
of mobile devices on the consumers’ ‘desirable objects’ list.

1.3.2 Design

When wearable computers evolved beyond PC hardware built in a back-
pack, and the number of people involved in wearables increased in the late 
nineties, the issue of textiles became relevant. Initial collaboration was 
started when a wearable had to get an ergonomics update to enable long-
term use and a textile or clothing design student was asked to help out. 
Sewing pouches for hardware meant that they had to be ‘designed’ and for 
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many years, textile students and clothing design students were the ‘design 
ingredient’ or the ‘softer value’ trespassing in the tech geek domain.

In 1998, Francine Gemperle et al., from Carnegie Mellon University in 
Pittsburgh, presented a paper on human ergonomics and wearable technol-
ogy at the Pittsburgh, PA ISWC.20 The 1998 CMU study on placing objects 
on the human body with regards to mass, size and mechanical properties of 
an item and guidelines for task-oriented splicing of devices into smaller 
modules is still relevant today, even if hardware and power supply have 
evolved greatly from those days. Their input is signifi cant in more ways 
than one; not only did they provide the tools with which wearables could 
be built more comfortably, they had also explained scientifi cally why design 
is critical to the development process.

Right after the millennium change, design already had a steady foothold 
in wearables. The sculpted, better-looking wearables concepts attracted 
investors who now saw commercial potential in body-worn devices. Also 
academic collaboration shot to another level with design schools and 
technology institutes looking for opportunities to work together. Again, 
fancy-looking and sometimes very futuristic prototypes started to appear 
in the media.

1.3.3 Target groups

In the early to mid 1990s, information technology (IT) was overheating. 
Companies in computer and mobile technologies in particular were well 
funded, sometimes far over needs. The wearable technology scene was still 
fairly new and was maybe a little overshadowed by the hotter, more talked-
about mobile gaming or Internet enterprises to catch the money train. The 
wearables community did naturally try to make it to the consumer market, 
but to succeed it would need a killer application and a target market.

The IT boom had successfully separated and targeted a group of consum-
ers labeled ‘the young, urban nomad’, among other terms. This consisted of 
post-teenage to young adulthood aged city-dwellers, who had money to 
spend and were hungry for trends. The nomad-term suggests mobility and 
mobile telephony, in particular. In the mid nineties, mobile phone penetra-
tion increased dramatically as network coverage grew and the devices 
became more portable and affordable. Most people aged 15 to 25 knew how 
to operate computers and mobile phones (taking pleasure in knowing that 
most of their parents could not) and liked being the focus of attention of 
the trendy IT industry.

Wearable technology was also targeting the young urban nomads in 
research prototypes and design studies.21,22 Although the concepts were fi ne 
tuned, commercial products did not appear. It was not necessarily a problem 
in marketing (see also Section 1.5). When the dust settled after the downfall 
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of the information technology frenzy in the late 1990s and early fi rst decade 
of the second millennium, academia and industry, as well as the media, 
started slowly recovering from the embarrassment. To keep high-tech and 
wearables interesting and credible, new target groups had to be named. 
Wearable technology sought partners in areas which had more credibility 
and who could afford wearables. An important step ahead was the notion 
of no longer relying on the trendy and cool individuals for marketing value. 
The following are examples of often contemplated target groups for 
products of wearable technology, with key advantages and problems.

Sports

Sports are never out of fashion and athletes and their sponsors spend a lot 
of money to get better results. Athletes, in particular, would benefi t from 
body monitoring systems and data such as heart rate, temperature, fl uid 
balance, acceleration and positioning. Most sports, however, benefi t from 
losing mass in the athlete’s gear and so adding electronics is a huge problem 
to start with. Still, wearable heart rate monitoring made it as the killer 
exercising application, with clear benefi ts for both training athletes and 
regular consumers following their physical condition.23 Polar Electro was 
the fi rst available wireless heart rate monitoring system, launched in 
1982.24

Medical

Body monitoring is most accurate when done with full skin contact. This is 
a clear benefi t for body-worn devices, especially in cases where long-term 
monitoring is required. Health services are a big business around the world. 
Public health care is naturally more tempting, with often instant large-
quantity orders, but is strictly regulated in most countries. Doctors are 
reluctant to adopt either new devices or procedures for the amount of 
administrative work involved in getting them approved by offi cials. Chang-
ing anything in the procedures of hospitals and public health centers would 
only add to the stress of the often over-worked staff. On the other hand, if 
personal, body-worn instruments could be read and analyzed remotely, both 
doctors and their patients could save time and money with less routine 
visits. The private sector is maybe more viable, but any new technology used 
there needs to be approved by offi cials, just as in the public sector.

Offi cial occupations

Law enforcement offi cers, fi re fi ghters, maintenance workers, logistics 
workers and communication operators are already wearing computing 
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technology. The benefi ts of having constant wireless access to networks and 
data bases or other people whilst attending to various tasks can defi nitely 
make working more effi cient. Still, very much like in health care, getting 
complex electronic systems with all the maintenance, warranty, liability and 
procedure issues approved is often a bureaucratic exercise few want to 
tackle. This is probably just a question of time and, as soon as wearable 
systems can be mass produced with more affordable components, usability 
improves to lower the adoption threshold and the bureaucracy battles are 
conquered, wearables will make it to the tool belt.

Bradley Rhodes did suggest, in 1997, that augmented memory is the killer 
wearable application,25 but wearable computing, as marketable devices and 
consumer trends, was still too far away from commercialization.

1.4 Intelligent clothing

1.4.1 The Philips–Levi’s industrial clothing design 
ICD+ jacket

As an example, the Philips–Levi’s collaboration’s outcome ICD+ jacket was 
not really intelligent clothing, although interpreted as such by the media. 
With any new concept, people and media tend to take short cuts, but a 
jacket with special pockets sewn for electronics devices and their cables is 
not really ‘intelligent’. The jacket served as a mere carrying platform for 
the devices and the garment and the function of mobile telephony and 
music were only artifi cially linked. The hot key words ‘smart’ and ‘intelli-
gent’ were mostly added by media to emphasize the novelty of the concept. 
Both the jacket and the device could well be used separately, even with 
somewhat better usability! Actually, the ICD+ jacket was more a piece of 
wearable electronics than intelligent clothing.

The Philips–Levi’s collaboration was an interesting ‘world fi rst’ project,26 
where two giants put their product development teams together to form 
something new. Although the outcome was not a commercial success, they 
still managed to produce a series of jackets combining telephony, portable 
music and clothing.

The Philips–Levi’s ICD+ jacket and its launch revealed a statistical illu-
sion that took many company heads, analysts and investors by surprise. 
Although the jacket received a staggering amount of media coverage from 
magazines and newspapers to radio, television and Internet blogs, all the 
hype was never matched in sales. The audiences’ interest was pure curiosity 
which never turned to a desire to buy the product. This statistical illusion 
can, in retrospect, be applied to most of the so called ‘IT bubble’ enterprises. 
A project was presented to the board and investors cited phrases and 
keywords of techno-jargon, an approved project was tested with target 
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group interviews with ‘high interest values’ and when the product comes 
out the sales lingered.

Sadly, the IT bubble bursting killed off many university projects and 
industry jobs, but on the other hand it made competition fi ercer among 
those dedicated institutes that still pursued research in wearable technol-
ogy. Funding and resources being scarce in the mid fi rst decade of the 
second millennium makes those still left work harder and actually think 
and create, as it is no longer possible to just take the instantly funded 
‘cool route’ with wearable technology.

1.4.2 The Cyberia survival suit

Along with the Philips–Levi’s ICD+ Jacket, the Reima Cyberia Survival 
Suit was one of the very fi rst published concepts of smart clothing.27 
Unlike the ICD+ Jacket, the Cyberia was only an academic study and 
not intended for mass production. The academic goals of the project were 
to design and develop the concept and produce a prototype of a smart 
outfi t and, in the process, study the union of clothes and electronics. The 
Cyberia illustrates perfectly what the fi rst published wearable technology 
concepts were like, how they came about, what their purpose was and 
the practical diffi culties and compromises associated with designing a 
working prototype.

The Cyberia was an interdisciplinary joint project between three Finnish 
partners: clothing manufacturer Reima Ltd, the University of Lapland, and 
the Tampere University of Technology. Reima brought their expertise in 
outdoor clothing, the University of Lapland stood for industrial and cloth-
ing design and the Tampere University of Technology handled the electron-
ics and body monitoring. The three parties together operated the entire 
project, but later on DuPont, Nokia, Polar Electro and Suunto also partici-
pated in the project, with contributions in their respective fi elds of expertise. 
The project took 18 months and was launched at the Hannover World Expo 
in Germany in May 2000.28

The target user

As Reima’s expertise is in winter outerwear and as in 1998 they still had 
their motor sports’ division, the fi rst choice for a subject was a snowmobil-
ing outfi t. The decision was based not only on Reima being the world leader 
in snowmobile garments, but even more on the fact that snowmobiling gar-
ments are padded and sturdy to begin with and so offer the designers more 
room to stash the electronics. A cold and hostile winter context was also 
appreciated. Everybody understood that the prototype would not be light 
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or small, because it would be built from off-the-shelf components as time 
and funding would not allow for custom parts.

When starting to assemble the concept of a smart outfi t, the team con-
cluded that most of the target audience at the Hannover Expo probably 
had no idea what a snowmobile is in the fi rst place, as snowmobiling is 
banned in Central Europe. This fact alone meant that the concept had to 
be changed.

Reima’s other target groups included children and skiers, but they would 
both be diffi cult for the concept’s designers. Kids’ garments were too small 
to fi t anything and the group decided it was too risky to launch a new idea 
of electronically enhanced garments on children. After all, Central Euro-
peans especially were very conscious of electro smog29 and similar hazards 
that close-range devices might induce. Skiers were carefully considered and 
they seemed like a good target group, but all proposed concepts for the 
slopes proved not to give enough ‘real’ added value to the skier. Finally, the 
answer presented itself from the suggested features the suit would have. 
Because the suit was to monitor body data and the concept should be as 
interesting as possible, the user should be someone who may encounter 
danger in what he or she does. The data would be measured; a computer 
would process it and take appropriate action. The Cyberia concept target 
user was defi ned as a professional person, who works alone in arctic condi-
tions. Possible subjects are forest guards, frontier guards, reindeer herders, 
technicians and scientists working outside. The user works at long distances 
away from civilization, moving on a snowmobile, an all-terrain vehicle 
(ATV), skis or snowshoes. We can assume that anyone in the target group 
is, by profession, experienced and knowledgeable in spending long times 
outdoors, knows basic CPR, and can handle most situations, such as spend-
ing a night in the open by building a quick shelter. But no-one is immune 
to accidents and situations such as getting wet or losing consciousness in 
sub-zero weather, and losing a lot of blood or sustaining multiple fractures. 
Even a non-lethal accident can diminish the ability to act and think clearly 
and can lead to bad judgment and increased need of outside help.

So this was the problem to solve: to create a suit that would be comfort-
able enough and allow the users to work as they normally do, yet would 
constantly be monitoring their body and would draw conclusions from 
gathered data and take appropriate action if set parameters were exceeded. 
On top of that, the suit needed to look right, i.e. no trendy color schemes 
or cuts that might look silly on a technician alone in the wilderness. The 
user would also pack tools and equipment in pockets and wear a backpack 
at least every now and then.

The team interviewed a variety of people from suitable target groups. 
Among those was staff from a snowmobile safari company, reindeer herders 
and frontier guards.
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Electronic functions

The suit has both electronic features and non-electronic features. The 
electronic features include the suit’s body monitoring, communication and 
positioning devices. An emergency heating-panel system is also constructed 
into the underwear.

The suit has four kinds of sensors built into it: heart-rate sensors woven 
into the underwear shirt, temperature sensors inside and outside, a 
humidity-sensor for detecting immersion in water and motion-sensors for 
determining posture, movement and impacts.

A Global Positioning System (GPS) unit has one antenna on the left 
shoulder and whenever three or more GPS satellites are visible, the suit can 
be tracked down to one square meter anywhere on Earth.

For communication, the suit is equipped with a GSM (Global System for 
Mobile phones) mobile phone. It was decided, after much debate, that the 
phone module would be used only for Short Message System (SMS) text 
messages and not voice calls, so that the battery power would be used only 
for emergencies and the user would be prevented from chatting away the 
battery life of the phone. A computer unit runs the functions and two 
battery packs power the whole system.

The Yo-yo user interface

All electronic features are controlled by a palm-sized Yo-yo user interface 
(Fig. 1.2). The user interface (UI) is basically a handheld, aluminum-encased 
Liquid Crystal Display (LCD) with two push buttons; one on top and one 
in the side. The UI serves as an instrument panel for the suit, for input and 
output of all data. A power and data cable runs from the bottom of the unit 
to a spring-loaded cable housed in the jacket, which coils up the cable and 
retracts the unit to its pocket in the front of the jacket.

The Yo-yo was designed to be used with one hand, even with thick 
mittens on, so that operating the suit’s electronic functions can easily be 
done even while driving a snowmobile with the other hand, or in other situ-
ations when both hands cannot be used at the same time. The user can scroll 
the menu on the display by pulling the Yo-yo back and forth and select by 
pressing a button. In an emergency, a call for help can be sent by only 
squeezing the unit for 10 seconds, enabling a simple self-aid action even 
when seriously injured.

Non-electronic features

When working on the concept of the suit, the team found situations where 
simple accessories (Fig. 1.3) could be very useful in an accident. While these 
were not ‘intelligent’ as in ‘electronically enhanced’, they certainly were a 
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1.2 The Yo-yo user interface of the Cyberia survival suit.

smart addition to the concept. For example, falling into water through the 
ice produces a risk of loss of life from hypothermia. A thin, sleeping bag-
like, polyurethane-coated pouch was folded into the back pocket of the 
jacket. Crawling into the hypothermia sack after a plunge into water in 
sub-zero temperature can increase the life-expectancy of a victim by up to 
4 hours according to the Finnish Institute of Occupational Hazards. The 
sack is non-breathable and prevents moisture from evaporating and so 
forms a micro-climate that cools down much slower than a normally exposed 
wet outfi t.

Another aide is the removable cargo pocket in the trouser leg. The pocket 
is lined with an aluminum-clad Aramid fi ber, making it fi re-proof and water-
tight, good for melting snow into palatable water. As keeping hydrated is 
essential, especially in the cold, a source for fl uid is necessary.

Naturally, the suit packs a pair of ice spikes in the sleeves for getting back 
up on thick ice, a fi re kit with storm matches (a blade for cutting twigs for 
fi rewood and a piece of magnesium for setting damp or even wet wood on 
fi re) and a fi rst-aid kit in the pant leg (band-aids, a pressure bind and two 
pills of synthetic morphine for pain relief).

The electronics vest

At fi rst, the crash pads in the elbows, knees and shoulders were intended 
to be just hollowed out to accommodate circuit boards and batteries, but 
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Hypothermia sack

Detachable snow
melting pocket

Survival kit

Snow shoes

First aid kit

Map pocket with
transparent window

Ice spikes

1.3 The Cyberia survival suit.

this soon proved to be impossible. Not only did the electronics eventually 
turn out to be much bigger in size and weight than everybody initially 
thought, but with the electronics built in, the pads would lose all their 
impact dampening capacity. Secondly, the mass of the electronics would 
have been completely impractical at joints, where the pads are, and would 
have restricted movement quite a bit. The weight would also be too much 
for any textile to carry. Even the tough CorduraTM used in the shell would 
pull and sag under the heavy blocks of batteries and components. The whole 
concept had to be changed.

The heavy system of electronics had to be divided into parts that could 
be spread out over a larger surface to distribute the weight. The early 
designs had the electronics shaped dynamically and embedded in the jacket 
shell in neat little pockets, customized for each part, but this would have to 
go. The new confi guration placed the electronics inside an elastic harness 
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vest, which wrapped tightly around the torso of the wearer. The vest was 
made adjustable with elastic bands, so that it would fi t just as well on a small 
woman as on a big man. The electronics were spread out to allow for arm 
movement by leaving the shoulder area free, and instead, making as much 
use of the static back by placing most blocks along the spine and around 
the lower sides of the back. Even if the electronics were designed to be 
water-proof and shock-proof, they could now be removed for machine 
washing and so spare the garment from unnecessary wear in the washing 
cycles. The wearing comfort was increased tremendously as the jacket itself 
did not seem to have any added weight and was fl exible and easy to wear. 
The harness did a fantastic job as a back protector, with the plastic encased 
electronics acting as ergonomically placed bumpers.

The underwear

It was clear to all from the beginning that the prototype garment would 
follow the principles for cold weather layering systems. The concept also 
required measuring the heart rate of the user and, to get reliable results, 
the sensors would have to have direct skin contact and so custom under-
wear was necessary. An all-extremities sensor layout was scrapped as it was 
considered too much hassle to deal with the uncomfortable wiring and cable 
connectors between the two-piece underwear. For measurement accuracy, 
the upper-body data proved quite suffi cient and even the planned tempera-
ture sensors were moved into the jacket liner to rid the underwear top from 
unnecessary wiring.

Project outcome

The biggest obstacle during the work was clearing up the various miscon-
ceptions between the electronics people and the textile/clothing people. It 
was sometimes frustratingly diffi cult to explain things to one another due 
to the differing backgrounds; one holds many things as obvious after having 
studied them for years.

Once the team got to know each other better, the misunderstandings 
seemed to become less frequent, but around that time outside help with 
certain tasks became necessary. Although the team now knew to explain 
everything as clearly and completely as possible, the problem persisted. 
Most of the times, one or both of the following phenomena was encoun-
tered when introducing someone new to the work: (i) When shortly or 
thoroughly explaining the project and what in particular we would need 
from the person in question, they would stop listening after hearing about 
merging electronics with clothing. The whole subject was at that time so 
mind-boggling that accepting any further information proved too much for 
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many to handle. (ii) After hearing about merging electronics with clothing, 
the person would block out all information except that related to their fi eld, 
no matter how important it was to see the whole and things had to be 
explained over and over again.

When the suit was ready and taken to the media, the journalists and 
reporters were always fi rst given a short introduction to the subject. Some 
details were always either missed, misinterpreted or sometimes replaced 
with incorrect assumptions. Even if those involved in the Cyberia project 
are still very happy with the concept, particularly how it addresses the idea 
of wearability and how the different parts are integrated, the concept is a 
little too complex. There is just too much stuff in it to be presented in a 
quick conversation.

1.4.3 The Georgia Institute of Technology’s 
Wearable Motherboard

The Georgia Institute of Technology (Gatech) is well connected with 
DARPA, the research department of the United States (US) Army. Starting 
in 1996, Gatech developed the Wearable Motherboard,30 a shirt with 
integrated conductive fi ber circuitry monitoring the wearer’s body and 
detecting a soldier’s injuries from bullets and shrapnel. The Wearable 
Motherboard also has potential for civilian use. The simple, comfortable 
and non-intrusive way of measuring the human body with a familiar garment 
may well be applicable to healthcare from infants to the elderly.

The Georgia Institute of Technology’s Wearable Motherboard was part 
of a U.S. Army research program called Land Warrior (1994–2007) The 
Land Warrior aimed at higher lethality, higher survivability and better com-
munication by equipping an infantry soldier with a wearable computer. 
Although the system was successfully tested in practice, the Land Warrior 
was subsequently cancelled in 2007.

1.4.4 The MP3 jacket craze

In the fi rst years of the new millennium, the world had just recovered from 
Y2K and was ready to indulge in all the inventions that had been predicted 
to happen in the 21st century. By 2000–2001, progress in wireless technolo-
gies and electronics was huge and gave the impression that everything was 
possible in small devices and that they would really make our lives easier. 
Wearables research was being published at an ever-growing rate and money 
men sniffed an opportunity to cash in. There were signifi cant problems in 
mass producing wearable technology (see also Section 1.5), but there was 
a demand for something.
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